


























Adaptive Observer Based on Fixed-Point Arithmetic
— Problems on The Implementation of The Proposed Method to Fixed-Point Microprocessors —
青 木 立 1)， 川 田 誠 一 2)
Tatsu Aoki 1), Seiichi Kawata 2)
Abstract: In the embedded mechatronic systems, 8-bit or 16-bit ﬁxed-point microprocessors are used for control to meet
the requirement of small size, low power consumption, and low cost. Since the rigidity of miniaturized and lightened
mechanism becomes low, mechanical vibration occurs at the multiple modes. The vibrational modes are changed by the
operational condition. Thus, it is necessary to estimate these vibrational modes in real-time to achieve the damping control.
In this series of cooperative research, an adaptive observer based on the delta form was proposed. This paper examines
the feasibility of the implementation of this observer to ﬁxed-point microprocessors. As an illustration, ﬁrst-order-systems
are considered. In the case of 8 bit word length, overﬂow and underﬂow occurs in this calculation and the adaptive system
becomes unstable. In the case of 16 bit word length, the proposed observer can follow the time-varying plant parameters
in real-time. Simulation results show that the proposed method can be implemented to ﬁxed point microprocessors.




































































1 + aˆ(k + 1)δ¯−1
(6)
ここで，aˆ(k + 1)とbˆ(k + 1)は，それぞれ，a¯とb¯の推定値
とする．式(5)-(6)よりプラントyp(k)とモデル出力ym(k)は
yp(k) = − a¯ δ¯−1yp(k) + b¯ δ¯−1r(k) (7)
ym(k) = −aˆ(k + 1)δ¯−1ym(k) + bˆ(k + 1) δ¯−1r(k) (8)
となる．また，パラメータ推定誤差a˜(k)，b˜(k)は
a˜(k + 1) = aˆ(k + 1)− a¯ (9)
b˜(k + 1) = bˆ(k + 1)− b¯ (10)
で与えられる．式(7)-(10)よりe(k)及びパラメータ推定誤
差a˜(k)，b˜(k)に関する関係式は，
e(k) = ym(k)− yp(k)
=
(
−aˆ(k + 1)δ¯−1ym(k) + bˆ(k + 1) δ¯−1r(k)
)
− (−a¯ δ¯−1yp(k) + b¯ δ¯−1r(k))
=
(
−aˆ(k + 1)δ¯−1ym(k) + bˆ(k + 1) δ¯−1r(k)
)
− (−a¯ δ¯−1yp(k) + b¯ δ¯−1r(k))
+a¯ δ¯−1ym(k)− a¯ δ¯−1ym(k)
= −a¯ δ¯−1e(k)− a˜(k + 1)δ¯−1ym(k)




















fa(k) = δ¯a˜(k) (13)
fb(k) = δ¯b˜(k) (14)
式(13)-(14)より次式が成立する．(
δ¯a˜(k)
)2 − a˜2(k) = f 2a (k)− (a˜(k + 1)− fa(k))2




− b˜2(k) = f 2b (k)−
(
b˜(k + 1)− fb(k)
)2
= 2b˜(k + 1)fb(k)− b˜2(k + 1) (16)
式(12)及び式(15)-(16)よりΔV(k)が求まる．



















































































































































Fig. 2 Adaptive observer on the ﬁrst-order system
推定パラメータがプラントパラメータに一致するま









fa(k) = 0 (23)
e(k)δ¯−1r(k) + 1
γb1
fb(k) = 0 (24)
−a¯δ¯−1r(k) δ¯−1e(k) + 1
γb2




a¯ 2 − 1) e2(k)
− 1
2γa1





b˜2(k + 1)− 1
2γb2
b˜2(k + 1) (26)
となる．式(26)より|a¯| < 1を考慮するとΔV(k) ≤ 0とな
り，δ¯−1e(k)，a˜(k)，b˜(k)が時間の経過とともに0に近づく．
そこで，式(22)-(25)を変形して適応制御則を求める．
fa(k) = −γa1e(k)δ¯−1ym(k) (27)
fa(k) = −γa2δ¯−1ym(k)δ¯−1e(k) (28)
fb(k) = −γb1e(k)δ¯−1r(k) (29)
fb(k) = γb2δ¯−1r(k)δ¯−1e(k) (30)
式(9)-(10)と式(13)-(14)より
aˆ(k + 1)− aˆ(k) = fa(k) (31)
bˆ(k + 1)− bˆ(k) = fb(k) (32)
が成立するため，式(31)及び式(27)-(28)，式(32)及び
式(29)-(30)を組み合わせることにより適応制御則が求まる．
aˆ(k + 1) = aˆ(k)− γa1e(k)δ¯−1ym(k)
−γa2a¯δ¯−1ym(k)δ¯−1e(k) (33)



























{ γa1, γa2, γb1, γb2 } = { 0.0, 0.07, 0.0, −0.07 }
図3にパラメータ推定結果を示す．推定値aˆ，bˆがプラント
パラメータa¯，b¯にそれぞれ収束している．




































































































































dˆ(k + 1) = dˆ(k)− γd1e(k) + γd2δ¯−1e(k) (37)




Fig. 5 Parameter estimation with 16 bit word length
(a) aˆ(k)
(b) bˆ(k)
Fig. 6 Parameter estimation with measurement noise
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(a) aˆ(k)
(b) bˆ(k)
Fig. 7 Parameter estimation with disturbance observer
(a) aˆ(k)
(b) bˆ(k)
Fig. 8 Pparameter estimation on the time-varying plant
